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(57)Abstract: 

PURPOSE: To provide a magnetic core for micro magnetic 
element of high effective magnetic permeability, in which 
high-frequency losses are decreased significantly compared 
with the conventional one. 

CONSTITUTION: A magnetic core for micro magnetic 
element is composed of a multilayered soft magnetic film 
constituted by alternately laminating magnetic metallic films , 
and insulator films, with the magnetic metallic films 0.01-0.3 
lim thick and the insulator films 0.02-0.25|im thick. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The micro magnetic cell core characterized by being in the range whose metal magnetic-substance 
thickness is 0.01 micrometers - 0.3 micrometers, and whose insulator thickness is 0.02 micrometers - 0.25 
micrometers in the soft magnetism multilayers which the metal magnetic-substance film and the insulator 
film turn into from the structure by which the laminating was carried out by turns. 

[Claim 2] The micro magnetic cell core according to claim 1 where it has uniaxial magnetic anisotropy and 
easy-axis lay length is characterized by consisting of one piece or some which 200-micrometer or more 
strip-of-paper-like metal magnetic-substance film it is [ film ] 500 micrometers or less became independent 
of. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the micro magnetic cell core in the RF magnetic cell which 

operates by the RF which lowers loss of a micro core. 

[0002] 

[Description of the Prior Art] Miniaturization thin film-ization of a magnetic cell is called for with RF-izing 
of a functional device. It is known well that the value of a performance index Q other than an impedance or 
an inductance is important for the property that these components are called for. Therefore, it is required for 
the loss by the RF other than flux density also with the high magnetic-substance film core used for a 
magnetic cell or permeability to be small. In a magnetic-substance ingredient, a quality factor (l-/tan delta) 
is defined by muVmu" using the value of the real part (mu 1 ) of complex permeability, and imaginary part 
(mu"). Therefore, a loss factor (tan delta) is so small that this value is large. That is, it is a low loss 
ingredient. In order to lower loss by the RF conventionally, generally resistance of (1) core is enlarged. (2) 
Make thickness of a core thin. (3) Subdivide a magnetic domain. (4) The laminating of the magnetic- 
substance film and the insulator film is carried out, and the approach of reducing eddy current loss is taken. 
However, it was observed by that permeability is high and fixed to a RF as soft magnetic characteristics in a 
RF field, and the examination about loss by the RF was not made. Although the core characterized by 
having uniaxial anisotropy is described in the direction of the field which a coil generates about the structure 
of a thin film core of having been suitable for the RF, and the direction which intersects perpendicularly at 
JP,4-363006,A, loss of the easy-axis lay length of each core, a core, or a magnetic cell or relation with a 
performance index Q is not described. Moreover, although it is indicated by JP,2-081373,A in the 
multilayers which consist of a metal magnetic film / an insulator layer / a metal magnetic film that high 
permeability is shown in a RF field, about the relation between the RF property of these multilayers, and the 
dimension of a magnetic film, reference is not made at all. It is not clear in whether it is obtained also in the 
core where the dimension of a magnetic film was not specified again about the optimal thickness range of 
the structure of multilayers, i.e., a magnetic film, and an insulator layer, either, but this property was 
microfilmed. 
[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is the low loss which was not 
acquired at a Prior art in a RF field dozens of MHz or more, and is to offer the micro magnetic cell core 
where effectual permeability is high. 
[0004] 

[Means for Solving the Problem] This invention attained the above-mentioned purpose with the following 
means. The 1st means of this invention is characterized by being the strip-of-paper-like magnetic-substance 
film with which a period consists of 1 and a large number in the soft magnetism multilayers which consist of 
the metal magnetic-substance film / insulator film / metal magnetic-substance film. 
1 [0005] The 2nd means of this invention is characterized by obtaining low loss multilayers in a RF field 
dozens of MHz or more by using 0.01 micrometers - 0.3 micrometers of magnetic-substance thickness of the 
above-mentioned multilayers, and 0.02 micrometers - 0.25 micrometers of insulator thickness. 
[0006] With the 3rd means of this invention, the metal magnetic-substance film has uniaxial magnetic 
anisotropy, and it is characterized by the thing which the magnetic-substance film of the shape of a strip of 
paper whose easy-axis lay length is 200 micrometers or more and 500 micrometers or less became 
independent of and for which one or more are constituted more. 
[0007] 

[Function] This invention offers the micro magnetic cell core which has low loss in a RF field dozens of 



* MHz or more, when it has uniaxial magnetic anisotropy and easy-axis lay length uses 0.01 micrometers - 0.3 
micrometers of magnetic-substance thickness, and 0.02 micrometers - 0.25 micrometers of insulator 
thickness in multilayers with the magnetic-substance film of the shape of a strip of paper (200 micrometers 
or more and 500 micrometers or less), or the non-magnetic-material film. 
[0008] 

[Example] Below, the example of the micro magnetic cell core of this invention is explained. Generally it 
seldom adhered to the sample dimension for the reasons of sensitometry, the ease of treatment, etc. at 
magnetic-properties evaluation of the magnetic-substance film, but the thing with a rectangle of 10-20mm 
was used. An example of the frequency characteristics of the real part (mu') of the complex permeability of 
the multilayers in this case and imaginary part (mu") is shown in drawing 1 . The multilayers used by 
drawing 1 carry out the 20- layer laminating of 0.1 micrometers of magnetic-substance (CoFeSiB) thickness, 
and the 0.05 micrometers of the insulator (Si02) thickness. In 100MHz, it is mu -530 and mu"=90. 
However, as a result of enabling measurement of the RF property at the time of microfilming about the 
multilayers of the same laminated structure to the minor axis of 0.3mm and major axis of 2mm which are 
the dimension actually produced to a magnetic cell, as shown in drawing 2 , it found out completely 
differing from the case of drawing 1 . The values of the complex permeability in 100MHz in this size were 
mu -280 and mu M =5. The difference in loss in both RF field is explained. The quality factor (l-/tan delta) in 
a RF is defined by muVmu", therefore it is shown that a loss factor (tan delta) is so small that this value is 
large, the above ~ in measurement by the multilayers of a macroscopic dimension, the big difference has 
arisen in muVmu"=6 and multilayers [ which were microfilmed ] muVmu" =56 and loss. This shows like 
before that the property of the microfilmed actual magnetic-substance film cannot be grasped by the 
macroscopic dimension having estimated the magnetic-substance film, when microfilming multilayers in 
this way and using them for a magnetic cell. 

The relation between loss in an example 1 RF field and the laminating configuration of multilayers is 
described. Drawing 3 is a result about the multilayers of a macroscopic dimension generally used for 
magnetic-properties evaluation, the figure in drawing — the ratio of the real part (mu 1 ) of 100MHz complex 
permeability, and imaginary part (mu") — it is the quality factor for which it asked from muVmu". An axis of 
abscissa is the thickness (Ti) of the insulator (Si02) film, and an axis of ordinate is the thickness (Tm) of the 
magnetic-substance (CoFeSiB) film. The number of laminatings (n) is changed so that the total thickness of 
the magnetic-substance film may be set to 2 micrometers by drawing 3 . The field where a loss factor is 
small is located to the field in which the magnetic-substance film is thin and the insulator film is thick, the 
range of this example — at most — it was 16. On the other hand, the relation between the magnetic substance 
in the core of 2mm and microfilming of the minor axis of a stick-shape core, insulator thickness, and a 
quality factor is shown in drawing 4 . [ 0.5mm and a major axis ] The figure shown all over drawing is the 
value of a 100MHz quality factor like drawing 3 . From the comparison of drawing 3 and drawing 4 , 
according to the conventional evaluation approach, in order to obtain the small multilayers of loss, the 
magnetic-substance film will be thin as much as possible, and, as for the insulator film, a thing 0.2 
micrometers or more thick as much as possible will be required. However, in the multilayers of the actually 
used micro size, that an optimum value is in both the magnetic-substance film and the insulator film 
changed, namely, — the microfilmed multilayers — 0.01 micrometer<Tm <0.3micrometer and 0.05 
micrometer<Ti — < — a quality factor exceeding 40 in 0.25 micrometers, and indicating a high value to be 
70 by Tm=0.01micrometer and about Ti=0.05micrometer began to be seen and required. 
Example 2 drawing 5 is the conceptual diagram of the coil mold thin film inductor used for the example 2. It 
has structure which rolled the surroundings of the rectangle core 13 by lower coil 12b and up coil 12a in the 
shape of toroidal ones on the insulating substrate 1 1 through the insulator film which carried out the cure of 
the resist. The insulator film is omitted by drawing 5 . The excitation direction is the direction of a right 
angle to the direction of a long form of an easy axis, i.e., direction, of rectangular. In order to narrow core 
width of face in order that the core of such a thin film inductor may make a demagnetization factor small, 
and to make eddy current loss small, subdividing a core more using the thin magnetic-substance film, so that 
the core cross section may be made small has been considered. Drawing 6 is an inductance in 30 and 500 
micrometers (L), and the frequency characteristics of a performance index (Q) about core width of face (w). 
Core configurations are the multilayers which carried out the 30-layer laminating of 0.1 micrometers of 
magnetic-substance (CoFeSiB) thickness, and the 0.05 micrometers of the insulator (Si02) thickness. It 
turned out that the direction in W= 500 micrometers shows a value with large L and Q compared with the 
case where a magnetic domain is W= 30 micrometers subdivided more. It turns out that subdividing a core 
recklessly from this result is degrading the core property on the contrary. v 
The optimal size of an example 3, then core fragmentation was investigated. Drawing 7 is the conceptual 



diagram of the coil moid thin film inductor used for the experiment. It has structure which rolled the 
surroundings of the rectangle core group 14 by lower coil 12b and up coil 12a in the shape of toroidal one 
on the insulating substrate 1 1 through the insulator film which carried out the cure of the resist. The 
insulator film is omitted by drawing 7 . The number (n) of the core where drawing 7 has core width of face 
(w) is made for nxw to be 1mm. In any case, a major axis is 2mm. The excitation direction is the direction 
of a right angle to the direction of a long form of an easy axis, i.e., direction, of rectangular. The 20MHz 
inductance (L) at the time of changing the value of W into drawing 8 , and maximum Qmax of a 
performance index Change is shown. When core width of face was made small at 200 micrometers or less, 
the concept of the conventional demagnetization factor showed that fell contrary to the conventional concept 
and Q was also falling, although L should become large. The range where both L and Q value are large is 
200 micrometeKW <500micrometer. 

[0009] It turned out that the optimal width of face is in the stick-shape core used for a thin film inductor like 
the above-mentioned example. Then, the configuration of a multilayers core and the relation of complex 
permeability were described. In order to make a demagnetization factor small conventionally, improvement 
in a property of a core has been aimed at by narrowing core width of face infinite. The value of the real part 
(mu') of the complex permeability at the time of fixing the major axis of a rectangle core with 2mm, and 
changing a minor axis (W) into drawing 9 and imaginary part (mu") and change of a quality factor (1/tan 
delta) are shown. Cores are the multilayers which carried out the 30-layer laminating of 0.1 micrometers of 
magnetic-substance (CoFeSiB) thickness, and the 0.05 micrometers of the insulator (Si02) thickness. If core 
width of face is made small, unlike the concept of the conventional demagnetization factor, mu 1 and mu" 
will become small at 200 micrometers or less. And since the fall of mu 1 was large, it turned out that the 
quality factor (l-/tan delta) is small. The range where l-/tan delta is large is 200 micrometer<W 
<500micrometer, without lowering mu' value. 
[0010] 

[Effect of the Invention] As stated above, according to this invention, the magnetic cell which shows a high 
performance index in a RF field is obtained by using the small micro core of loss by the RF. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the property Fig. showing an example of the frequency characteristics of the permeability 
of the macro multilayers for explaining the example of this invention. 

[Drawing 2] It is the property Fig. showing an example of the frequency characteristics of the permeability 
of the micro multilayers for explaining the example of this invention. 

[Drawing 3] It is the property Fig. showing an example of the isoplethic curve of the quality factor of the 
macro multilayers for explaining the example 1 of this invention. 

[Drawing 4] It is the property Fig. showing an example of the isoplethic curve of the quality factor of the 
micro multilayers concerning the example 1 of this invention. 

[Drawing 5] It is the conceptual diagram of the inductor of the example 2 of this invention. 

[Drawing 6] It is the property Fig. showing an example of the inductance for explaining the example 2 of 

this invention, and the frequency characteristics of a performance index. 

[Drawing 7] It is the conceptual diagram of the inductor of the example 3 of this invention. 

[Drawing 8] They are one core width of face w and L for explaining the example 3 of this invention, and the 

property Fig. showing an example of the relation of Q. 

[Drawing 9] It is the property Fig. showing an example of change of permeability to the short form of the 
strip-of-paper core for explaining the example 3 of this invention. 
[Description of Notations] 

11 [ — A rectangle core, 14 / — Rectangle core group. ] — An insulating substrate, 12a — An up coil, 12b » A 
lower coil, 13 
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